I ntentional self-harm is the deliberate act of injuring oneself, including attempts at suicide and nonsuicidal self-injury. 1 Some of the consequences associated with adolescent selfharm are increased risk of death, 2 including suicide; [3] [4] [5] [6] [7] risk of injury owing to violence; 8 and risks of mental health and substance abuse disorders, 3, 6, [9] [10] [11] [12] as well as other adverse psychosocial outcomes. 13 Although several groups have carried out population-based studies of adolescents 2, 4, 12 and reported that adolescents with emergency department visits for self-harm have worse outcomes than those with emergency department visits for other reasons, these studies controlled for only a limited number of covariates. Only 1 study 14 reported data on the health care costs associated with adolescent self-harm. Emer-gency department visits by adolescents for self-harm in Ontario have more than doubled since 2009. 15 Given adolescents' changing environments and influences (e.g., pervasive social media 16 ) newer data are needed.
We carried out a population-based study comparing adolescents who presented to the emergency department after selfharm with adolescents who presented for reasons other than self-harm, using a propensity-matching design that controlled for a large number of demographic, mental health and other clinical variables. The primary objective of this study was to test the hypothesis that adolescents presenting to emergency departments after self-harm would have higher 5-year rates of emergency department and hospital readmissions for self-harm, years after the index presentation, hospital or emergency department admission rates for self-harm, overall mortality, suicides and conservative cost estimates were compared between the 2 groups. RESULTS: Of 5832 adolescents who visited Ontario emergency departments in 2011-2013 after self-harm (1.4% of visits), 5661 were matched to 10 731 adolescents who presented for reasons other than self-harm. Adolescents who presented with self-harm had a shorter time to a repeat emergency department or hospital admission for self-harm (hazard ratio [HR] 4.84, 95% confidence interval [CI] 4.44-5.27), more suicides (HR 7.96, 95% CI 4.00-15.86), and higher overall mortality (HR 3.23, 95% CI 2.12-4.93; p < 0.001). The positive predictive value of self-harm-related emergency department visits for suicide was 0.7%. Adolescents with self-harm visits had mean 5-year estimates of health care costs of $30 388 compared with $19 055 for controls (p < 0.001).
suicide and overall mortality than adolescents presenting to emergency departments for other reasons. We also hypothesized that adolescents presenting with self-harm would incur more costly medical care over 5 years than those not presenting with self-harm. The secondary objective was to identify demographic, health-related and social predictors of poor outcomes within the self-harm group.
Methods

Study design, setting and participants
This is a prospective cohort study of adolescents aged 13 to 17 years (inclusive) who presented to Ontario emergency departments from Jan. 1, 2011 1, , through Dec. 31, 2013 , with an Ontario Health Insurance Plan number and were discharged alive. Adolescents with emergency department visits for selfharm were propensity matched to control adolescent patients, using demographic and clinical variables. The self-harm group included adolescents with at least 1 emergency department visit with an International Classification of Diseases, 10th Revision (ICD-10) self-harm code. 17 The control group comprised all other adolescents with emergency department visits for other reasons. Participants were followed from the date of the index emergency department visit until death, or 5 years after the index visit.
Data sources
The National Ambulatory Care Reporting System was the source of data on emergency department visits. We used the Discharge Abstract Database to identify acute care hospital admissions with a self-harm code, as well as specific health care conditions and comorbidities. We used data from the Ontario Health Insurance Plan and the Ontario Mental Health Reporting System to identify patients' health care conditions 1 year before the emergency department visits. The quality of National Ambulatory Care Reporting System data within several Ontario emergency departments has been determined to be good, with agreement rates for ICD-10 codes ranging from 86% to 90%. 18 We identified sociodemographic characteristics using the Registered Person Database. Finally, we identified decedents through the Office of the Registrar General of Ontario Death Database. These data sets were linked using unique encoded identifiers and analyzed at ICES. ICES is an independent, nonprofit research institute whose legal status under Ontario's health information privacy law allows it to collect and analyze health care and demographic data, without consent, for health system evaluation and improvement.
Measurements
Self-harm Self-harm emergency department visits and hospital admissions were defined as events with ICD-10 codes X6, X7 or X80-X84. We combined self-injury and self-poisoning into a single self-harm variable.
When an adolescent visited the emergency department more than once in 2011-2013, we selected the index visit as follows: if none of the adolescent's visits were related to self-harm, we selected the first visit; if 1 visit was related to self-harm, we selected that visit; if there were multiple visits related to selfharm, we selected the first.
Outcomes
Suicides and overall mortality
We identified suicides and deaths from all causes (overall mortality). We determined suicides using a validated method developed by ICES using ICD9 codes E950-E959 or ICD10 codes X60-84. 19 This method has ≥ 95% sensitivity for the period under study.
Repeat self-harm emergency department visits or hospital admission
We searched the National Ambulatory Care Reporting System and Discharge Abstract Database for the 5 years after the index visit to find records of emergency department visits or hospital admissions with self-harm codes.
Estimates of medical costs
We calculated the cumulative 5-year cost of all health services captured in ICES -i.e., not just those attributable to selfharm -using a standard ICES macro. 20 These services included inpatient hospital admissions (both acute and psychiatric), physician-related visits and laboratory tests, emergency department visits and other ambulatory care, outpatient prescription drugs (for adolescents covered only under the Ontario Drug Benefit program, which is designed for indigent patients), rehabilitation, home care, complex continuing care, long-term care and assisted devices. The cost estimates do not include outpatient drug costs (except for families receiving public assistance), nonphysician services, out-of-pocket costs of care or services covered by private insurance, including the costs of most care provided by psychologists and social workers, and all care by mental health nurses in schools. Therefore, these estimates are lower bounds on the actual 5-year health care costs incurred by patients.
Covariates of self-harm
The covariates we used in matching included sex, age, residence and income quintile of the Canadian Census Dissemination Area of residence. They also included clinical covariates found in the National Ambulatory Care Reporting System, Discharge Abstract Database, Ontario Health Insurance Plan and Ontario Mental Health Reporting System databases (Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/ cmaj.190188/-/DC1). The clinical covariates included mental health and substance misuse diagnostic codes, and a set of non-mental health diagnoses that had been included in a comprehensive epidemiologic study of the covariates of adult selfharm. 21 These clinical covariates could have been recorded for the index visit or any other health care interaction during the year before that visit. Finally, the covariates used in the propensity score included self-harm codes occurring during the prior year. This means that self-harm that occurred in the year before the emergency department visit was used to propensity-match adolescents with self-harm visits to controls patients. Because of how we selected patients, only those adolescents with emergency department visits in 2011 could have had visits related to self-harm in the prior year.
Statistical analysis
We used propensity scores to match adolescents with visits related to self-harm to control patients. We carried out a logistic regression to estimate the probability of an emergency department visit related to self-harm (PSCORE) from the covariates listed in Appendix 1. Next, we excluded participants whose PSCORE fell outside the common support interval:
The common support interval is the range of propensity scores in which the participants in the self-harm and control groups were comparable. 22 For example, an adolescent in the self-harm group with a propensity score of self-harm that is higher than that of any adolescent in the control group has no meaningful propensity score match among the controls. We then sought 2 matched controls for each of the adolescents with visits related to self-harm (case). [22] [23] [24] Cases were matched to the same age, sex and rurality as the control patient who was closest on the PSCORE (Appendix 1). Finally, we assessed whether the matched adolescents with and without emergency department visits related to self-harm were balanced on our covariates using the standardized mean difference (D), D = [mean(covariate in self-harm group) -mean(covariate in noself-harm group)]/SD where SD is the average of the standard deviations for the selfharm and no-self-harm groups. We used stratified Cox proportional hazards regression to compare adolescents with visits related to self-harm to control patients on the time from the index visit to death from any cause. We analyzed time to suicide data similarly, but with death from other causes as a competing risk. We analyzed time from the index visit to an emergency department or hospital readmission for self-harm with death by any cause as a competing risk. We log-transformed lower-bound cost estimates and compared them using paired t-tests. In addition, we placed patients into 4 groups defined by self-harm visit (yes v. no) and mental health visit (yes v. no) and used a 2 × 2 analysis of variance to compare the log-transformed lowerbound cost estimates. The analyses used SAS version 9.3 (SAS Institute, Cary, North Carolina). Finally, for the outcomes of readmission, mortality and suicide, we calculated the relative risk (RR) and positive predictive value (PPV) associated with selfharm, where PPV = Pr(outcome|self-harm) and RR = Pr(outcome|self-harm)/ Pr(outcome|no self-harm).
Ethics approval
Approval to complete this study was granted by the Children's Hospital of Eastern Ontario Research Ethics Board.
Results
Study cohort
There were 407 647 adolescents who visited an emergency department in Ontario from Jan. 1, 2011, to Dec. 31, 2013. We excluded 569 adolescents (0.1%) because they were not covered by the Ontario Health Insurance Plan. After calculating the propensity scores, we excluded an additional 3273 (0.8%) because they fell outside the common support interval. The resulting 403 805 adolescents comprised the unmatched cohort, as shown in Table 1 . The 5832 adolescents with ≥ 1 visits related to self-harm (1.4%) were older, more likely to be female and less likely to reside in a rural community than those with 0 visits related to self-harm. Adolescents with visits related to self-harm had higher rates on every mental health or substance abuse variable. Group differences (D) for the mental health and selfharm variables were in the range 0.09 ≤ D ≤ 1.14, with the largest difference being for anxiety-neurotic disorders. Group differences for non-mental health clinical variables ranged from 0.0 to 0.19, with the greatest difference for concussion-traumatic brain injury (D = 0.20 is commonly viewed as a small effect size 25 ).
We found matches for 5661 (97.1%) of the adolescents with visits related to self-harm. The 1:2 matching strategy produced 10 731 controls. The resulting groups were balanced on all covariates except suicidal ideation (D = 0.17). Table 2 presents the study outcomes for youths with emergency department visits related to self-harm and those visits unrelated to self-harm in both the unmatched and the matched cohorts. Table 3 reports the time-to-event analyses for self-harm readmissions, overall mortality and suicides. For each outcome, adolescents with ≥ 1 visits related to self-harm were likely to have the outcome sooner than matched adolescents with no self-harm visits. Adolescents with visits related to self-harm were more likely to have a subsequent hospital admission or emergency department visit for self-harm within 5 years (RR 4.84, 95% confidence interval [CI] 4.44-5.27). The positive predictive values of a visit related to self-harm were ≤ 1% for mortality or suicide, whereas that for readmission with self-harm was 28.7%. Figure 1 presents Kaplan-Meier estimates of the time to first repeat emergency department visit or hospital admission for self-harm in the matched cohort. Finally, adolescents with a self-harm visit had $11 333 greater mean of 5-year cost estimates (lower bound) than the matched controls. Table 1 shows that most adolescents with visits related to selfharm also have a history of use of mental health services, including 62% having used services owing to anxiety-neurotic disorders. This prompted the question of whether self-harm or 
Propensity-matched comparisons of outcomes
Self-harm, history of mental health conditions and outcomes
Factors associated with readmission after emergency department visits related to self-harm
Finally, we carried out an exploratory analysis to identify factors associated with readmissions to the hospital or emergency department within the cohort of 5661 adolescents with an Note: D = standardized group difference, SD = standard deviation. *In cells containing " ≤ 5," the actual count and percentage were suppressed to prevent reidentification of patients. †Unless stated otherwise. Note: D = standardized group difference, SD = standard deviation. *In cells containing "≤ 5," the actual count and percentage were suppressed to prevent reidentification of patients. †Unless stated otherwise. emergency department visit for self-harm. Table 5 shows that adolescents with emergency department visits related to selfharm who were readmitted were more likely to be younger (p < 0.001), female (p < 0.001) and to reside in a rural community (p = 0.002). They were more likely to have had a concussion or traumatic brain injury (p = 0.002) or epilepsy (p < 0.001), and less likely to have diabetes (p < 0.001). Readmitted adolescents were also more likely to have had a history of abusing alcohol (p < 0.001) or other substances, to have a history of nearly every men-tal health concern and to have had a history of self-harm before the index emergency department visit (p < 0.001).
Interpretation
Over a 5-year follow-up of a cohort of adolescents who presented to emergency departments in Ontario, those whose visits were related to self-harm were more than 3 times more likely to die from any cause and almost 8 times more likely to die by Note: CI = confidence interval, D = group difference, HR = hazard ratio, N/A = not applicable, RR = relative risk. *Hazard ratio is from the Cox proportional regression (meaning, the hazard rate for adolescents with ≥ 1 self-harm visits divided by the rate for the matched controls) for that outcome.
The positive predictive value is the proportion of youths with ≥ 1 self-harm visits who have the outcome. Relative risk is the probability of the occurrence of the outcome within 5 years for adolescents with ≥ 1 self-harm visits divided by the probability of the outcome for the matched controls. t statistic is the comparison of the average log-transformed lower-bound costs, with statistical significance p.
suicide than propensity-matched controls who did not present with self-harm. Adolescents who presented with self-harm were almost 5 times more likely to have repeat emergency department visits or hospital admissions related to self-harm, with about 1 in 3 having a repeat admission. Moreover, adolescents with self-harm had a difference in health care costs that was more than $11 000 higher (lower-bound estimate) than that of controls. Our findings are consistent with previous research [3] [4] [5] [6] [7] 26 and show that over and above an elevated suicide risk, having an emergency department visit related to self-harm is a predictor for recurrent visits to the emergency department and greater use of health services. Although having an emergency department visit related to self-harm was associated with a high relative risk of mortality or suicide, the positive predictive values of self-harm for these outcomes were ≤ 1%. The high relative risk of suicide tells us that it is several times more common among adolescents with visits related to self-harm than for control patients. The positive predictive value of a self-harm-related visit is low because suicides are also uncommon among these adolescents. Therefore, predicting these outcomes remains challenging. [27] [28] [29] The increasing prevalence among adolescents of visits related to self-harm in the emergency department setting combined with the low positive predictive value of self-harm for suicide means that deploying intensive suicide prevention efforts for all visits related to self-harm would be resource intensive 30 yet prevent few suicides.
However, almost 1 in 3 adolescents with visits related to self-harm were later readmitted to a hospital or emergency department, and their clinical trajectory was more expensive than that of their matched control patients. Moreover, among adolescents who presented after self-harm, and who later had recurrent admissions for self-harm, serious and complex mental conditions were common, most prominently anxiety and mood disorders, as well as substance abuse issues, and concussion or traumatic brain injury.
These findings suggest 2 directions for future research. First, the positive predictive value of a visit after self-harm for future readmissions after self-harm, in addition to the findings that mental health and other conditions also predict readmissions, suggest that it may be possible to develop an algorithm that could accurately predict the risk of readmission. Second, our results suggest that adolescents who present at the emergency department after self-harm would benefit from assessment for mental health or substance misuse disorders. If adolescents presenting with self-harm have mental health or substance misuse issues, they should be connected to evidence-based community services for treatment. However, further research is needed on better methods to deliver mental health assessments in the emergency department setting 31 as well as developing care pathways connecting the emergency department with appropriate community mental health services. 32
Limitations
The matched groups were not balanced on suicidal ideation and our findings should not be interpreted as speaking to the effects of self-harm on suicidality. As in any observational study, the groups may also have differed on unmeasured variables, leading to confounding of the results. This study used administrative data and is subject to weaknesses of such data, including the lack of validation of many specific mental health or other clinical codes. 18, [33] [34] [35] [36] [37] [38] In Appendix 1, we argue it is likely that ICD-10 codes Note: D = standardized group difference, ED = emergency department, SD = standard deviation. *The p value is the statistical significance of the covariate in a logistic regression predicting the occurrence of a self-harm readmission during the 5 years after the index visit. †Unless stated otherwise.
for self-harm and mental health have high specificity but lower sensitivity, meaning that both are underestimated in these data. Cases of self-harm that are missed and appear in the control group would mean that the estimated differences in outcomes underestimate the true differences. As noted, our estimates of the medical costs for adolescents were lower bounds on these costs. However, adolescents who selfharmed likely also incurred social costs, including poorer academic performance, involvement with juvenile justice and reduced adult earnings. 13 Thus, the real costs of caring for adolescents who present to the emergency department with self-harm are likely substantially larger than reported here. Moreover, emergency department health administrative records may miss many adolescents with mental health conditions. Some emergency departments are unable to carry out mental health assessments. In addition, National Ambulatory Care Reporting System records require only that the main problem leading to the visit be recorded, so diagnoses relating to mental health are sometimes missed when the patient has an emergent medical issue. 39 Therefore, our results may understate the associations between mental health conditions and 5-year adverse outcomes. Finally, adolescents in Ontario may differ from those in other jurisdictions and the exposures affecting adolescents today may have changed since 2011-2013.
Conclusion
An adolescent emergency department visit related to intentional self-harm increases risk of repeated self-harm and suicide, as well as increased health costs over the next 5 years. In light of the increasing rates of self-harm emergency department visits for adolescents, further research is needed on the social determinants of self-harm and could focus on developing algorithms and interventions that can identify and help the adolescents at highest risk of recurrent self-harm.
